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0 Chemilumlnescent acridinlum and phenantridlnium salts. 



© Acridiniwm sulfonylamiaes and isomers, such as phenanthridinium sulfonyiamides. may be employed in 
applications including chemiluminmescent immunoassays. Methods for synthesis of these compounds include 
contacting an amine with a sulfonyihalide to form a sulfonamide and acylating with an activated carboxylic acid 
of an acridine or isomer thereof. The N-suifonyl-9-acridinium carboxamide and isomer may be conjugated to 
antigens, haptens, antibodies, and nucleic acids for use in chemiiuminescent assays. 
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CHEMILUMINESCENT ACRIDINIUM SALTS 



Background 

The present invention relates m general to chemiluminescent methods and materials and in particular to 
5 methods and materials involving chemiluminescent acridinium and phenanthndinium salts. 

Chemilummescence may be defined as the generation of light from a chemical reaction. The mecha- 
nism of no it chemiluminescent reactions is not known m detail, but a generalized mechanism (Schuster et * 
al.. Acvances m Physical Organic Chemistry . 1 87-238 (1984)] may be outlined: 
A - B" - B «■ hir 

?o Compound A undergoes a chemical reaction (usually oxidation) to yield a product in an electronically * 
excited State ("8*"). As it returns to the ground state ("8"). this product givos up energy in the form of light 
ChO. 

Although competing dark reactions may decrease the efficiency of the overall reaction to less than 1%, 
some btoluminescent systems may achieve 60-70% efficiency, and. in many cases, limits of detection in 

*5 the femtomole (10 '* mole) tc attomole (10 mole) range have been recorded. 

Chemilummescence has been used for a variety of purposes in analytical chemistry where other 
methods fail to have adequate sensitivity. In immunodiagnostics, chemiluminescent immunoassays 
("CUA") may thus match or exceed the sensitivity of radioimmunoassays CR'A") or enzyme immunoas- 
says ("El A*) (Kircka et al., Diagnostic Medicine . ^ 45-52 (1984)]. 

20 Luminol and isoiuminoi derivatives are the most widely used chemiluminescent reagents for immunoas- 
says. The light-yielding reaction is initiated by oxidation with alkaline hydrogen peroxide in the presence of 
catalysts such as microperoxidase or transition metal ions. Light emission occurs at about 465 nm. which 
corresponds to the fluorescence emission of the product, ammophthalic acid. Ammobutylethyl isoiuminoi 
("ABEI") may be used as a label in immunoassays and is commercially available. 

25 A second group of chemiluminescent reagents, aryl oxalates [GM, Aldrichimica Acta , 16 . 59-61 (1983) 
and Catherall et al.. J. Chem. Soc. Faraday Trans. 2, 80. 823-834 (1984)], have been used as commerical 
cold light sources [see e.g., Tseng et al., U.S. Patent No. 4,338,213] and in high performance liquid 
chromatograohy ("HPLC") detectors [Kobayashi et al., Anal. Chem , 52 424-427 (1980) and Miyaguchi et 
al.. J. Chromatoqr. , 303 . 173-176 (1984)]. it is thought that these derivatives react with hydrogen peroxide in 

30 buffered or unbuffered solvents to give a dioxetan-dione which decomposes quickly to give COj in an 
exciteo state. Energy is then transferred by electron transfer to a fluorescer molecule which emits light. 

A third group of reagents, lO-methyl-acndinium-9-carboxylic acid aryl esters, are chemiluminescent in 
the presence of alkaline hydrogen peroxide and m the absence of a catalyst. The mechanism is thought to 
involve initial attack by a hydroperoxide anion, followed by intramolecular displacement of the phenolate- 

J5 (the "leaving group") to give a strained dioxetan-one. The strained dioxetan-one decomposes to CO* and 
excited N-methyi-acnoone, which emits light at 430 nm. Carboxysubstituted acndintum salts have been 
used as labels in immunoassays (Weeks et al.. Clin. Chem. . 29. 1474-79 (1983); Campell et al.. European 
Patent Application No. 32.636: and McCapra et al., UK Patent No. GB 1.461.877]. Also. 5-methyl- 
phenanthndinium-6*carboxylic acid aryl esters, which are isomeric with the acridinium aryl esters, have 

•to been used as labels m immunoassays [Lin et al. European Patent Application No. 170.415]. 

Oespite their usefulness in immunoassays, antibody-conjugated phenyl i0-methyl-9-acridiniumcarbox- * 
alates. in our hands, are unstable due to hydrolysis above pH 4.0 (-20'C to 40*C), losing greater than 10% 
of their activity within three days. Although acridinium esters are stable below pH 4.0, conjugate antibodies 
are often not stable in this pH range. * 

4$ in Tseng et al.. supra . bis-N-alkyl-N-trifluoromethyl sulfonyl oxalamtdes are indicated to be more stable 
than the corresponding aryl esters and are also indicated to be as efficient. The nucleofugacity of the 
phenol and the trifluoromethyl sulfonamide are indicated to be comparable, i.e. it is indicated that each has 
a pK t of about 7. Gill, supra , "look forward" to the development of a particular sulfonyl oxalamide as an 
example of an oxalate with "higher" quantum efficiency. 

50 

Brief Description of the (Drawings 

The Figure illustrates the synthesis of a i0-alkyl-N-sulfonyl-9-acridinium carboxamide according to the 
present invention. 
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Summary of the invention 

The present invention orcvides cnemHummescent compounds identified by the formula 



1 



to 



?5 




and isomers thereof including isomers identified by the formula 
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wherein R, R\ R". X\ X 2 . and X 3 are substituents which do not interfere with effective chemiluminescence. 
with the proviso that R-X 3 . R'-X- and R'-X* may be independently hydrogen. More specifically, R, R' and R* 

J3 may be spacer arms and X\ X 3 and X 3 may be independently members of the group consisting of 
hydrogen, carboxy. carboalkoxyi, carboxamido. carboaryloxy, cyano, carboximido. isocyanato, 
isothiocyanato, sulfo, sulfonyl halide. carbonyl halide. N-succinimidyloxycarbonyl and N-maleimide groups. 
Y is an appropriate counterion and may be selected from the group consisting of sulfate, alkylsulfate, 
halosulfate, haloborate. haloacetate. haiophosphate, phosphate and halide. 

^ R. R'. and R" may independently include a member selected from the group consisting of alkyl, 
alkylene. aryl, substituted alkyl. substituted alkylene and substituted aryl groups, such that one or more 
hydrogens of said member is replaced by an alkyl, aryl, alkylene. substituted alkyl. substituted alkylene, 
substituted aryl, aikoxy, aryloxy, halo, amino, protected ammo, substituted amino hydroxy, protected 
hydroxy, oxo, thio, imino. mercapto or substituted mercapto group; or such that one or more carbon atoms 

45 of the member is replaced by a heteroatom. The heteroatom may be selected from the group consisting of 
nitrogen, phosphorus, sulfur and oxygen. 

R, R\ and R' independently may also be spacer arms of the formula 
-(CH 2 ) n • 

where n a 0 • 50. Specifically. R* may be -CH r and X 1 may be -H. 
30 The currently most preferred compounds according to the present invention for use in chemilumines- 

cent immunoassays are 1 0-methy l-N-(2-carboxy ethyl]-N-tosy l-9-acridinium carboxy amide, 1 0-(3-sul* 

fopropyl)-N-(2-carboxyethyl)-N-tosyi-9-acridinium carboxamide and t-(3-$ulfopropyl)-N-(3-sulfopropyl)-N- 

tosyl-9-acridinium carboxamide. 

A method, according to the present invention, for preparation of a chemiluminescent compound 
55 includes the steps of contacting an amine identified by the formula 

X 3 -R-NH 2 

with a sulfonylhalide identified by the formula 
W-SOrR'-X' 
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ZZT 30 ' Vent 0r8SenCe °' b3Se 10 ' 0rm 3 SU,,onam,de a "'°" metal , C n ,dent,fied by the 

M* 

5 X 3 -R-M-S0 2 -R'-X 2 

and acryiahng with an activated 9-acridinecarboxylate compound accordina to rh« ■„ - .■ 

where, w ,s se.ected from the group; canning of'ch.oro and Huoro X wherein Z Te ieZlZ 

" °' U ^ "* *' WhefSin ,h9 aC,iva,in ^ * ^ected from the gro^ S ^ 

ha.o^ Mto . N-hvdroxysucammidy. and a*do groups and wherein a,, other syr, b0 .s are as 2ed 

A connate according to the present invention may be formed by covalentlv en.,min„ * 
haore, an an ti gen or a po.ynuc.aoMe (e.g.. ONA or RNA> to a ctn^SSS ^SJS^Zt 
f9 the present invents, and a method for perform.ng a chemiluminescent M«yS^.^?2?S 
exposing a sample to be tested to the connate in order to detect the presence £ ^tZZ^Jl 

a TnoTn T UQ V ■ *? ■ 3 3DeC,,C ami9en - 3 SOeC " ic an,ibo <* * a co^ntZ Z^^e 

-uence-specfic hydrogen bonds w„h the polynucl^de' ££2 
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Detailed Description 



The problem of acr.d.nium aryl ester instability is approached in the present invent.on bv chanoina »h. 

» T:?r P ' r0 T 3 Phen0 ' a,e t0 3 3U ' ,0nam,de amon Wh,,e both 9^ps haTa pK of Tut 0 

the acnd.n.um su.fony. amide has the additional stab-.ization associated w„h amide bonds ^.^2 

: iz^zzxxZ' t ?he carbonyl s,retchmg ~ - the •* - « > 

A class of acridmium salts. 10-alkyl N-aikyl (aryl) sulfonyl-N-alUylfaryl) 9-acridinium carboxamide salt, 
was prepared according to the general scheme illustrated m the Figu* In the Figure fl R and fl* 1^' 
subst,tuten«s which may function as spacer arms, so.ub.lity modifiers' andor react^ modifier, but whS 
do not interfere w„h the chem.lum.nescen, reacncn. (-inter!**- is c-fined here.n to mean TZmZTZ 
Z^l^T* ^r™*™^ Prevent production of chemilm nesce^ to Z tZ 
that he compound ,. not useful for the intended application., Also in the Figure. X" X* X> are . tubtfSnZ 
js w ic may function as so.ub.lity enhancers andor as reactive groups for linage to ^^^T^ 

r,7r s tzzszzzr react,ve or ,inker 9rouos by — - *~» -™ * 

- RNHSOR (X xT S0:C,V Whe ° 3Cry,a,ed ^'o-arbon' ^.dCThe ^^Zr^Z^Z 
?m , . h ^ 3 C ' aSS °' aCr ' dine ^ m °ounds. ^h, C h on alkylate gave the acridintm satts 
Salar y. substitution of a 6-ch.orocar^ony. phenanthndine for the acndine ,n thj scheme gC rl to a 
ZJT P^nthridinium sa.ts. These acndin.um and Phenamhridinium sal^are usef!l for 

. t^^;~ e3ai0 ° b9 ™ * «* **» of the subst-tutents ^Z't 
The compounds were evaluated for their efficiency by diluting 20 ul of a 10» M solution of th» 
compound w„h 300 ul of 0.1 N HCL. then adding 150 u. of 0.03% H-O, in 0 2 N NaOH to triaaer h! 
chem ummescence. Chem.luminescence was measured on a photonSunting ,Z ome te r T icht 

TZT, re rT e<3 33 ,0,a ' Ph0t ° n COun,s - ,rom which ;he 9tfici «"<=v of each aSntZ^S^lX 
counts,mo.e. These are re.at.ve numbers, since the effic.ency of the photon 

presented .n Table l which the structures may be identified by the formula 
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wherein R'-X 1 is CH5, and R'-X 2 and R-X 3 are as indicated in Table 1 f chemiluminscent output is 
;5 abbreviated "CTSMOLE." the time required for total light output is abbreviated "INT. TIME" and the time 
required to reach peak light output is abbreviated "PEAK CTS.". 
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The specific activity was 



All of the tested compounds were efficient (5-20 x 
insensitive to the nature of the R and R' groups at locations indicated above; however, the time required to 
reach peak light output and the time required for total light output differed by a factor of 50 between the 
fastest and slowest compounds. Electron withdrawing groups in R and R' increased the reaction rate whil 
bulky), electfon-donating groups decreased the reaction rate. Although chemiluminscent compounds accord- 
ing to Ihe present invention which have a chemiluminescent lifetime of 2-10 seconds are preferred for 
immunoassays, compounds having shorter lifetime may be useful as a source of intense, pulsed light, and 
compounds having a longer lifetime may be useful as "cold light" sources. 

The stability of compounds prepared according to the present invention was assessed in several ways. 
First, the compounds were diluted to sub-nanomolar solutions in aqueous buffer at pH 5-7. The solutions 
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were incubated at room temperature and at 45 'C. while the decrease m ehemilummescence was monitored 
over time. Th.s provided Qualitative results wnereby the relative stability of the compounds was determined 
Anomalous results due to non-specific adsorption of the compounds on the incubation container were 
minimized by the addition of detergents, protein, and the like. Unambiguous, quantitative results were 
obtained by monitoring millimolar solutions of the compounds by reverse phase high performance liouid 
chromatography fHPLC"). The stability of these compounds was affected by R and R- in the same way as 
were the k.net.cs of the chem.lum.nescence reaction, i.e. electron withdrawing groups destabilized and 
bulky electron donating groups stabilized the compounds. 

Although other technioues may be employed to label antibodies, the NHS activation method is 
presently preferred. Other materials which function well according to the present invention include poly 
clonal antibodies, monoclonal antibodies. Fab antibody fragments, all of wh.cn are hereinafter included in 
the general term "antibody." haptens, antigens, nucleic acid probes, and non-antibcdy binding proteins 
capable of bind.ng complementary small molecular weight analytes (for example, folate binding protein 
which b.nds folic acid, and intrinsic factor, which binds Vitamin B-j). Antibody conjugates retain more than 
'5 80 'o ehemilummescence after being heated at 45'C for four weeks. 

A solid phase sandwich immunoassay system for assaying hepatitis 8 surface antigen ("HBsAg") 
(Abbott Laboratories. Abbott Park. Illinois) *as employed to compare CLIA according to the present 
invention with RlA. The type of antibody-coated bead, diluent, incubation conditions, washing condition and 
antibody preparation were the same except that the antibody was labeled with -»i by the chloramin T 
jo method for RlA and labeled with NHS-activated N-suifonyl-9-acridinium carboxamide for CLIA. 

A solid phase sandwich immunoassay for human thyroid stimulating hormone (hTSH) was used to 
compare CLIA with El (Abbott Laboratories. Abbott Park. Illinois). The EIA employed a horseradish 
perox.dase CHRPO>iabelied antibody while the CLIA used an NHS-activated N.suifooyl-9-acridinium 
Cdrboxamido. 

25 The present invention is more specifically described in the following examples. In Example 1 the 
preparation of sulfonamides which are useful .n constructing compounds according- to the present invention 
•s set forth. Example 2 includes a description of the preparation of N-suifonyi-9-acridinecarboxamides 
according to the present invention. In Example 3. the preparation of 10-methyl N-sulfonyl-acridinium 
carboxamides is described. Examples 4-6 contain desenptions of syntheses of p-toluenesulfonyl (tosyl) 

30 compounds according to the present invention, in Example 7, the preparation of acridinecarboxamides is 
illustrated. 

Example 8-10 contain methods for synthesis of some acridinum .arboxamides and products thereof 
according to the present invention, in Example 11. an evaluation of the chemiluminescence of N- 
sul onylacndinium carboxam.de compounds according to the present invention is provided. Example 12 

JS includes a report of a stability test of an acridin.um carboxam.de according to the present invention In 
Example 13. the temperature and pH stability of two acridinium carboxamides according to the present 
invention , s compared to the temperature and pH stability of an acridiniumcarboxylate. Example 14 is a 
description of a method for coniugating an antibody, specifically an immunoglobin G ("igG") antibody with 
a compound acco.ding to the present invention. The results- of a heat stability study of a conjugate 

40 according to Example 14 are presented in Example 15. Example 18 includes a description of the 
preparation of anti-HBsAg acridinium-iabeled conjugate as well as a comparison of the sensitivity observed 
in CLIA and RlA assays employing those con,ugates. In Example 18. the synthesis of a phenanthridinium 
compound according to the present invention is described. Example 17 describes an anti-hTSH acridinium- 
labeled conjugate along with a comparison to an EIA system. 
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Example j_ 

General Method for Preparation Of Sulfonamides 

Amine starting materials for compounds 1- 13 and 17-21 are available from Aldrich Chemical Co 
Milwaukee. Wisconsin. For compounds 14-16 and 22-25. the appropriate aminocarboxylic acid (as obtained 
from Aldnch Chemical Co.. Milwaukee. Wisconsin) was estenfied according to standard, published proce- 
dures to orovide the starting materials. 

In order to prepare a sulfonamide according to the present invention, the corresponding amine (200 
moie percent) was dissolved in anhydrous methylene chloride, and was treated dropw.se at O'C with a 
solution (100 mole percent) of the sulfonyl chloride or anhydride. The solution was poured into anhydrous 
em* (5 volumes,, washed with 1.4 M H,P04 (25 ml) and then brine (25 ml), and dried over MgSO*. After 
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~~*u«n crude su"onamides were crystallized from an appropriate solvent, 
mtenng and ™ or *^™ZVe Spared in this manner. In the description accompany.ng the name of 
The foiling ^^^^ ldent((ies peaks . SuCh as the base peak CM ") in the mass 
each compound, the abbrev aMn ™ " „ @ . A meltjng point rMo -) or an indication 

spectrum a. a locafon (9 V - 0 -) or decomposes baton, meiting Cdecomp.") may 

V"^ c^""^ ^po J* number^-* in this Examp.e) ^ by an 

-identifying number" (e.g. 13513-227) and a chemical name. 
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1 . 13513-227 N-Phenyl-p-toluenesulf onamide 

MS M + 9 247 
Mp 100-102°C 



30 



2 . 13513-228 M-Phenyl-p-bcomobenzenesulf onamide 

MS M + 9 311 



m M p 115-117°C 
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3. 13513-229 

to 

4. 13513-231 

5. 13513-232 

20 



6. 13S13-233 



30 

7. 13514-001 

35 



8. 13514-002 



<5 

9. 13514-003 

so 



N-?henyl-o-nitrobenzenesulf onamide 
MS M + @ 278 

M p 112-113°C 

N-Phenyl-p-nitcobenzenesulf onamide 
MS M + @ 278 

Mp 168-170°C 

N-Phenyl-2, 4-dinitrobenzene- 

sulfonamide 
MS M + @ 323 
Mp 110-113°C 

N-Phenyl-trif luoromethane- 

sulf onamide 
MS M + @ 225 
M p 6 5-67 a C 

N-Isopropyl-p- 

toluenesulf onamide. 
MS g 213 
Mp 50-51°C 

N-Isopropyl-p- 

bromobenzenesulf onamide 
MS M + <? 277 
Mp 95-96 a C 

N-Isopropyl-o- 

nitrobenzenesulff onamide 
MS M + 9 244 
M p 119-120°C 
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10. 13514-004 



11. 13514-006 



N-Isopropyl- 

tr if luoromethanesulfonamide 
MS (M - 1) @ 19 0 
oil 

N-Isopropyl-p- 

nitrobenzenesulfonamide 
MS M* <? 244 
M p 113-114°C 
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12. 13514-025 



13. 13514-026 



N-Butyl-2,4,6- 

t rime thy lbenzenesulfonamide 
MS M* <a 255 
Mp 45°C 

N-Butyl-2,4,6,- 

trisop ropy lbenzenesulfonamide 
MS M + e 339 
M p 104°C 



JS 



14. 13514-032 



Benzyl 6-(N-tosylamino) - 

hexanoate 
MS M + @ 375 
oil 



40 
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SO 



15. 13514-057 



16. 13514-058 



t-Butyl N-tosyl-3-alanine 
MS M + g 242 ( M - 57) 
oil 

Benzyl S-(N-tosylamino) -pentanoate 

MS M* 6 361 

oil 



55 



17. 13513-170 



N-Butyl-p-toluenesulfonamide, 
MS M* @ 227 
Mp 42-44°C 
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18. 13513-173 



19, 13513-172 



20. 13513-174 



21. 13513-213 



22. 13513-085 



N-Butyl-p-bromoben2enesulf onamide, 
MS M + 3 241 
Mp 53-54°C 

N-Butyl-o-nitrobenzenesulf onamide, 
MS M + @ 258 
Mp 58-60°C 

N-Butyl-p-nitrobenzenesu If onamide 
MS M* <a 2 58 
M Q 80-81°C 

N-Butyl-2 , 4-dinitrobenzene 

sulfonamide, 
MS M + @ 304 
Mp 60-62°C 

Benzyl 6-(N-trif luoromethyl- 

sulf onylamino) -he.»anoate 
oil 



23. 13513-083 Benzyl N-( trif luoromethylsulfonyl) 

4-(carboxymethyl) aniline 



24. 14973-1A 



25. 14973-37A 



Benzyl N-( 5-carboxypentyl)-p- 

bromobenzenesulf onamide 
MS M* S 439 
Mp 52-56"C 

Benzyl N-( 5-carboxypentyl)-p- 

nitrobenzenesulf onamide 
MS M + @ 406 
Mp 86-88°C 



. Exampl 2 
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Preparation of N-suilonyi-9-acnainecaroo.<amic!es 



Freshly sublimed potassium tert- fcutcx,de (200 mole percent, and tri-n-butylbenzyiammonium bromiH- 

ZTT CQm) " efe SUSPen0ed ,0,Oen0 undSr n ' ,r0 ^ n - A ^"onamide (200 mole 

added, the mature was stined for 10-30 minutes before evaporating to dryness an driZ f ~!L ^ 
resuspended m the solvent. (Alternatively, the phase transfer catalyst mVZ ll„£ £Z 
anion may be generated ,n tetrahyoroJan., After the addtton "o ^Z^ZZVZ^ 
(200 mole percent), the reaction m,xture was stirred for 3 to 14 hours at roam ,7 hydrochloride 

change .as noted by thin-iayer chromatography rTLC^ne 2 iZ SSSJi*2 
(10 volumes, and .ashed w„h brine (25 ml,. After dry.ng over MgSO.. filtering a" evaoora^o S rn i 

pT^i^zT^r a c r ato,ron ™ chromatograph 

Haio Alto. California) using a 2 mm silica rotor and employing an ethvlacetate/hexarw nr»Hi«n« tL. 
ractions containing the product were collected, evaporated and^rystaS 1£%£^£^ £ 

The' 71? d ' SS0,Ved " 6,her ,0 "° Wed by ,h9 3ddili0n °' ^Ptaneunti, the mixLe became ^y. 

The fo lowing compounds were prepared from starting materials as indicated in brackets wherein 

e aml m a ?; ^ PreP3r9d her9i " ° y th9 number aSS0Cia ™ *«" in oT™, 

example, and wherem a commercial source ,s provided in brackets for each identified startina material nZ 
synthes.zed herein. All other notations are explamed in Example t. 9 0t 
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26. 13513-234 



N-Phenyl-N-p-toluenesulfonyl- 

9-acr idinecarboxamide 
[compound 1] 
MS M + @ 452 
M p 200°C 



;5 



20 



25 



30 



3S 



27. 13513-236 



28. 13513-240 



29. 13513-242 



N-Phenyl-N-p-bromobenzene- 

sulfonyl 9-acridinecarboxamide 
[compound 2] 
MS M* <a 516 
Mp 218-219°C 

N-Phenyl-N-o-ni t roben2ene- 

sulf onyl 9-acridinecarboxamide 
[compound 3) 
MS M + @ 483 
M p 197-200°C 

N-Pheny 1-N-p-n i t r -jbenzene- 
sulf onyl-9-acr idinecarboxamide 
[compound 4] 
MS M + <§ 483 



45 



50 



30. 13513-243 



31. 13514-007 



55 



N-Phenyl-N-trif luoromethane- 

sulfonyl-9-acr idinecarboxamide 
[compound 6 ] 
MS M + 6 430 
Mp 162°C 

N-Isopropyl-N-p-toluene- 

sulf onyl-9-acr idinecarboxamide 
[compound 7] 
MS M* g 418 
M p 163-164°C 
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32- 13514-009 



TO 



33. 13514-012 



20 



34. 13514-001 

25 



30 

35. 13514-029 



35 



40 

36. 13514-031 



45 



37. 13514-042 

50 



N-Isopropropyl-N-p- 

bromobenzenesulf onyl-9- 

acr idinecarboxamide 
[compound 8] 
MS M + (§ 432 
M p 205°C 

N-Isopropyl-N-o-ni trobenzene- 

sulf onyl-9-acr idinecarboxamide 
(compound 9] 
MS M* @ 449 
M p 215°C 

N-Isopropyl-N-tr if luorome thane 

sulfonyl-9-acr idinecarboxamide 
(compound 10] 
MS M* <§ 396 

N-Butyl-N-2 , 4 , 6 , -t r irrethy 1- 
ben2enesulf ony 1-9 -acr idine- 
carboxamide 

[compound 12] 

MS M* (? 460 

Mp 88-90°C 

N-Butyl-2 , 4 , 6-t r iisopropylbenzene- 
sulf onyl-9-acr idinecarboxamide 
[compound 13] 
MS M + @ 544 

Benzyl N-tosyl-N- ( 5-carboxypentyl ) -9 

acr idinecarboxamide 
[ compound 14 ] 
MS M* @ 550 
oil 
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13514-062 



3enzyl N-eosyl-N-( 4-carboxybutyl ) -9- 

acr idinecarboxamide 
[compound 16] 
MS M + 9566 



13514-069 t-Butyl N-tosyl-N- ( 2-carboxyethyl ) - 

9-acridinecarboxamide 
[compound 15] 
MS M + 504 
M p 157-158°C 

13513-186 N-Butyl-N-p-toluenesulfonyl-9- 

acr idinecarboxamide 
(compound 17] 
MS M + § 432 
M p 122-123'C 

13513-191 N-Butyl-N-o-nitrophenylsulfonyl 

-9-acr idinecarbox-inide 
(compound 19] 
MS M + 6 463 
Mp 170°C 

13513-195 N-Butyl-N-p-nitrophenylsulfonyl-9- 

acr idinecarboxamide 
(compound 20] 
MS M + 463 
M p 210°C 

13513-218 N-Butyl-N-( 2 , 4-dinitrophenylsulf onyl ) 

-9-acridinecarboxamide 
[compound 21] 
MS M + & 508 
Mp 95 8 C 



15 



to 



IS 



20 



2% 



30 



3S 



*0 



44. 14973-9C Benzyl N-( 5-cacboxypenty 1 ) -N-p- 

bromoben2enesulf ony 1-9- 
acridinecarboxamide 
[compound 24 J 
MS (M + H) <a 645 

45. 14973-40C Benzyl N- ( 5-carboxypenty L ) -N-p- 

ni trobenzenesulf ony 1-9- 
acridinecarboxamide 

[compound 25] 

MS (M + H) @ 645 

46. 14973-88A N-p-Toluenesulf onyl-9- 

acridinecarboxamide 
[p-toluene sulfonamide (Aldrich) ] 
M 276°C 

47. 14973-21C N-Ally 1-N-p-toluenesulf onyl-9- 

acridinecarboxamide 
[compound 46] 
M p 136-138°C 

48 . 13513-202 N-Butyl-N-p-bromobenzenesulf onyl- 

9-acridinecarboxamide 
MS M + (3 496/498 
M p 148-149°C 



Example 3 

J5 Preparation of 10-Methyl N-sulfonylacridinium carboxamides 

Methylation of N-sulfonylacridine carboxamides was performed according to the following procedure. 
Each acridine sulfonylamide was dissolve in anydrous methylene chloride, Anhydrous NajCOi (5 X weight 
of the sulfonamide) was added followed by methyl tnflate (20 X weight of the sulfonamide). The suspension 
50 was stirred under nitrogen for 14-48 hours at room temperature to 40«C. The reaction was monitored by 
TLC (reverse phase). The product was obtained after filtration and evaporation of the solvent and of excess 
methyl triflate. Purification was achieved by triturating the solid residue with hot benzene or by reverse 
phase HPIC. 

TTie following compounds were prepared, and they are describ d according to the numerals, symbols 
55 and abbreviations which are explained in Example t or in Example 2. 
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49. 13513-246 

15 



20 



50. 13513-247 



oo 



3$ 

51. 13513-248 

40 



10-Methyl-N-phenyl-N-p- 
toluenesulf onyl-9- 
acridinium carboxamide 
tr if luoromethanesulfonate 

(compound 26] 

MS M* 9 467 

Mp 210-24°C (decomp. ) 

10-Methyl-N-phenyl-N-p- 
bromoben2enesulfonyl-9- 
acridinium carboxamide 
tr if luoromethanesulfonate 

[compound 27] 

MS M + <a 531, 533 

Mp 240°C (decomp.) 

10-Methyl-N-phenyl-o-nitro- 
ben2enesulf onyl-9- 
acridinium carboxamide 
tr if luoromethanesulfonate 

(compound 28] 

MS M + 0 490 

M p 248-50°C (decomp.) 
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5 



52. 13513-249 

to 



is 



53. 13513-250 

20 



2$ 



54. 13514-013 



35 



40 

55. 13514-014 



45 



10-Methyl-N-phenyl-N- 

trif luoromethanesufonyl-9- 
acridinium carboxamide 

trif luoromethanesulfonate 
[compound 30] 
MS M + $ 445 

10-Methyl-N-phenyl-p- 
ni trobenzenesulfonyl-9- 
acridinium carboxamide 

trif luoromethanesulfonate 
[compound 29] 

MS M* § 484 

10-Methyl-N-isopropyl-N-p- 
boluenesulfonyl-9- 
acridinium carboxamide 
trif luoromethanesulfonate 

(compound 31] 

MS M + g 433 

Mp 214°C 

10-Methyl-N-isopropyl-N-p- 
bromobenzenesulf ony.T-g- 
acridinium carboxamide 
trif luoromethanesulfonate 

[compound 32] 

MS M* @ 497/499 

Mp ZO0°C (decomp) 



55 



18 



5 



to 



57. 13514-021 



20 



53. 13514-037 



30 



35 

59. 13514-038 

40 



*5 



60. 13514-044 

50 



10-Methyl-N-isopropyl-N-o- 
ni trobenzenesulfonyl-9- 
acridinium carboxamide 

tr if luoromethanesulf onate 
[compound 33] 
MS M* (§ 464 

10-Methyl-N-isopropyl-N- 

tr if luoromethanesulf ony 1-9- 
acridinium carboxamide 
t r if luormethanesulf onate 

[compound 34] 

MS M + @ 411 

10-Methyl-N-butyl-N- (2,4,6- 
t rime thy lbenzenesulf ony 1- 
9-acridinium carboxamide 
tr if luoromethanesulf onate 

[compound 35] 

MS M + <a 475 

Mp 227°C (decomp. ) 

10-Methyl-N-butyl-N- ( 2, 4,6 

triisopropylben2enesulf ony 1-9- 
-acridinium carboxamide 
trif luoromethanesulf onate 

[compound 36] 

MS M* g 559 

M p 231°C (decomp.) 

Benzyl 10-mcthyl-N-tosyl- 
N-( 5-carboxypentyl)-9 
-acridinium carboxamide 
trif luoromethanesulf onate 

[compound 37] 



19 



5 



to 



1$ 



61. 13514-079 t-Butyl 10-methyl-N-tosyl- 

N- { 2-carboxye thyl ) -9- 
acridiniurn carboxamide 
trifluoromethanesulfonate 
(compound 39] 
MS M + @ 519 
M p 207°C (decomp. ) 

20 62. 13513-211 10-Methyl-N-butyl-N-p- 

toluenesulf onyl-9- 
acridinium carboxamide 
25 trifluoromethanesulfonate . 

[compound 40] 
MS M* <? 447 

63. 13513-212 10-Methyl-N-butyl-N-p- 

bromobenzenesulf onyl-9- 
acridinium carboxamide 
^ trifluoromethanesulfonate 

[compound 48] 

MS M + 9 511 

M n 126°C 

40 P 

64. 13513-215 10-Methyl-N-butyl-N-o- 

nitrophenylsulf onyl-9- 
45 acridinium carboxamide 

trifluoromethanesulfonate 
[compound 41] 
so MS M* @ 478 



232-234°C 



ss 



20 



0 273 115 



. 13513-216 10-Methyl-N-butyl-N-p- 

nitrophenysulfonyl-9- 

acridinium carboxamide 

trifluoromethanesulfonate 
[compound 42] 

MS M + @ 478 

Mp 201«C 

13513-230 10-Methyl-N-butyl-N-( 2-4 

dinitrophenylsulfonyl)-9- 

acridinium carboxamide 

trifluoromethanesulfonate 
[compound 43] 

MS M* $ 523 

Mp 215-220°C 

14973-313 10-Methyl-M-allyl-N-p- 

toluenesulfonyl-9- 
acridinium carboxamide 

trifluoromethanesulfonate 
(compound 47] 

MS M t 2 § 433 

14973-47A Ben2yl 10-methyl-N-( 5- 

carboxypentyl ) -N-p- 

nitroben2enesulfonyl-9- 

acridinium carboxamide 

trifluoromethanesulfonate 
[compound 45] 

MS M + @ 626 

Mp 139-141«C 



21 



to 



20 



25 



00 



69. 14973-90A 10-Methyl-N-methyl-N-p- 

toluenesulfonyl-9- 
acridinium carboxamide 
tr if luoromethanesulConate 
[compound 46] 
MS M + 9 405 



70. 14973-25A Benzyl IG-methyl-N- ( 5 -car boxy pen tyl ) -N- 
'5 (o-bromobenzenesulf onyL ) -9- 

acridinium carboxamide 
[compound 44] 



Example 4 

Synthesis of 10-m6ihyl-N-tosyl-N-{6-hexanoyl-N-hydroxysucc^ carboxamide 
trifluoromethanesulfonate 

Compound 37 (450 mg, 0.78 mmoles) was treated with 6 ml of 31% HBr in acetic acid at S0*C for 2 
hours under N2. The solution was poured into 30 ml of water and cooled. Carboxylic acid compound 71, 
13514-045 [N-tosyi-N-(5-carboxypentyt)-9-acridinecarboxamideJ was separated by filtration. 

Compound 71 (100 mg., 0.2 mmol) was dissolved in dry methylene chloride (5 ml) and treated with N- 
hydroxysuccinimide (23 mg, 0.2 mmol) and dicyclohexylcarbodiimide (41 mg) under Nj for 12 hours. After 
reacting, the solution was filtered and then evaporated to dryness to yield an active ester, compound 72, 
1 35 1 4-952 (N-tosyl-N-(6-hexanoyl-N-hydroxysucc!nimido)-9-acndinecarooxamide J. 

Compound 72 was methylated as m Example 3 to give compound 73. Compounds 71. 72 and 73 are 
described below using the numerals, symbols and abbreviations which are explained in Example 1. 



35 



40 



45 



50 



35 



22 



explained in Example 1. 

N-Tosyl-N-( 5-carboxypentyl) -9- 

acr idinecarboxamide 
[compound 37] 
MS M + <§ 240 
M p 150-152°C 

N-Tosyl-N-( 6-hexanoyl- 
N-hydroxysuccinimido) -9- 
acr idinecarboxamide 
[compound 71] 
MS M + g 588 

10-Methyl-N-tosyl-N-(6- 

hexanoyl-N-hydroxysuccinimido ) 
-9-acr idinumcarboxamide 
trif luoromethanesulfonate 
[ compound 7 2 ] 
30 Example 5 

Synthesis of iO-Methyl-N-tosyl*N-(5-pentanoyl-N-hydroxysuccininimido)-9-acridinium carboxamide 
trifluoromethanesulfonate 

7$ Compound 38. 13514-062, was treated as in Example 4 and yielded compound 74. 13514-065 [N-tosyl- 
N(4-carboxybutyl)-9-acridinecarboxamide|. 

Compound 74 was coupled to N-hydroxysuccinimide, as in Example 4, to give compound 75. 13514- 
067 t N*tosyl-N-(5-pentanoyl-N-hydroxysuccinimido)-9-acridinecarboxamide. This compound was methylated 
as in Example 3 to give compound 76, 13514-78 (10-methyl N-tosyl-N-(5-pentanoyl-N-hydroxysuccinimide>- 
40 9-acridinium carboxamide trifluoromethanesulfonate]. 

Compounds 74, 75 and 78 are described using the numerals, symbols and abbreviations which are 
explained in Example 1 . 



71. 13514-045 



to 



72. 13514-052 



is 



20 



73. 13514-054 



25 



45 



50 



SS 



23 



0 273 115 



74. 13514-065 N-Tosyl-N- ( 4-car boxybuty 1 ) -9- 

acr idinecarboxamide 
MS M + @ 476 



M 0 152^15S°C 



10 



t5 



75. 13514-067 N-Tosyl- ( S-pentanoyl N-hydroxy 

succinimido)-9-acr idinecarboxamide 
[compound 74] 
MS M + @ 573 



76. 13514-078 10-Methyl-N-tosyl-N-( 5- 
20 pentanoyl-N-hydroxy- 

succinimido) -9- 
acridinium carboxamide 
iS trif luoromethanesulfonate 

[compound 751 

Example 6 

J0 Synthesis of lO.methyl.N-tosyl-N.tf-carboxyethyl.g-acridinium carboxamide trifluoromethanesulfonate 

...^T^' ,: ! 514 * 0 ! 9 (5 ° mg - 0 072 mmo,) was disso,v< * * 2 ml of trifluoroacetic acid [TFA"] at 
^ , T 9 ° r 15 m ' nuteS - ,he TFA was and the res-due was recrystallized from 

methanolether (i.e.. the residue was dissolved in methanol, adding ether until cloudy). Alternatively 
J3 compound 61. was ref.uxed in 1 N HQ for 3 hours. The aqueous solution was evaporated to dryness to 
« a . Ve „ a rt reSI< J Ue \ and ,he r9Sidue was pur,,ied by P^oarative reverse phase HPLC. Compound 77 13514- 
081 [10-methyl N.tosyl-N-(2-carboxy9thyl)-9-acridinium carboxam.de] resulted from either approach Com- 
pound 77 <s described using the numerals, symbols and abbreviations which are explained in Example t 



45 



SO 



77. 13514-081 10-Methyl-N-tosyl-N- 

( 2-carboxyethyl)-9- 

acridinium carboxamide 

trifluoromethanesulfonate 
[compound 61) 

MS (M + 14) <§ 477; M + § 463 
M p 227*C (decomp. ) 



Examole 7 



55 
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Preparation of Acndinecarboxamides 

An amine (HO mole percent) and tnethyiamine (220 mole percent) were dissolved in methylene 
chloride. One hundred mole percent of 9-chiorocarbonyi acridine was added dropwise as a solution in 
5 methylene chloride. The reaction was stirred under N? for 3 hours. The solution was filtered through silica 
gel and the filtrate was evaporated to leave a residue. The residue was then recrystallized from an 
appropriate solvent (isopropyl ether for compound 78 and ethyl ether for compound 79). 

The following amides were prepared, and are described using the numerals, symbols and abbreviations 
which are explained in Example i. 



/5 



78. 14973-15A 



N-Allyl-9-acridinecarboxamide 
[Allyl amine (Aldrich)] 
MS M + e 262 



20 



2S 



JO 



J5 



79. 14973-6A 



Mp 1 



92°C 



Benzyl N-( 5-carboxypentyl ) -9- 

acridinecarboxamide 
[6-Amino caproic acid (Aldrich)] 
MS M + <a 458 



40 



M p 86°C 



Example 8 

Synthesis of Acridinium carboxamides 

An ester (either compound 44 or compound 68) was added to a 1 N HCI solution and refluxed for 3*4 
hours. Upon cooling, the suspension was either filtered and the product collected, or the suspension was 
extracted with a <:hloroform:isopropanol (3:2) mixture, which provided the desired product (compound 80 or 
81, respectively) on evaporation. Compounds 80 and 81 are described using the numerals, symbols and 
abbreviations which are explained in Example 1 . 



45 



80. 14379-27A 10-Methyl-N-{ 5-carboxypentyl ) -N- 

p-bromobenzenesulfonyl-9- 
acridinium carboxamide 

trifluoromethanesulfonate 
[compound 44] 

MS M+ 9 569, 571 

Mp 148-1S0°C 



55 



25 
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81. 14973-51A 10-Methyl-N-( 5-carboxypen tyl ) -n- 

p-nitrobenzenesulfonyl-9- 
acridinium carboxamide 

trif luoromethanesulf onate 
(compound 68] 
MS M + (§ 5 36 

Example 9 

Synthesis of lO-(3-sulfooropyl)-N-tosyl-N-(2-carboxyethyl)-9-acndintum carboxamide 

Propane sultone (260 mole percent) was heated with t-butyl N-tosyl-N-<2-carboxyethyi)-9-acridinecar* 
boxamide (compound 39, 13514-069) at 1 10 -120* C for 2 hours. After cooling, the solid mass was taken up 
in methanol and filtered. The filtrate was evaporated to dryness and the residue triturated with benzen to 
remove un-quaternized material. 

The crude product compound was treated with trifluoracetic acid at 0°C then allowed to warm to 25*C 
over a period of 15 minutos. The residue obtained upon evapoation was purified chromatographically on 
preparative thick-layer chromatography plates (C-18 PLKC 18F, 20 x 20 cm, 1000M. as available from 
Whatman. Clifton. New Jersey), eluted with 70 parts methanol/30 parts 0.5% aqueous acetic acid, and 
further purified by ion exchange on Cellex-OTW resin [BioRad Laboratories. Richmond. California] using 8% 
formic acid to eiute the product, compound 82. which is described below using the numerals, symbols and 
abbreviations which are explained in Example 1 . 

82. 14496-243 10- ( 3-sulf opcopyl ) -N-tosyl-N- ( 2- 

car boxyethyl ) -9- 
acridinium carboxamide 

[compound 39] 

MS M* @ 572 

Example V0 

Synthesis of l0-(3*sulfopropyl)-N-tosyi-N-(3-sulfopropyl)-9-acridinium carboxamide 

Fifty milligrams of N-tosyl-9-acridinecarboxamide (compound 46, 14973*88A) were heated at 140*1 50 # C 
under argon in a sealed tube with 500 mg of propane sultone for 3 hours. After cooling, excess propane 
sultone was removed by trituration with benzene (5 ml X 3). The crude product was purified by anion 
exchange chromatography using BioRad AG-1-X4 formate form (BioRad Laboratory. Richmond. California], 
eluted with a gradient of aqueous formic acid. The product, compound 83. is described below using the 
numerals, symbols and abbreviations explained in Example 1 . 

83. 30253-020 10-(3-Sulfiopropyl)-N-tosyl-N-(3- 

sulfopropyl)-9- 
acridinium carboxamide. 

(compound 46] 

MS M + H S 621. 
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Example n_ 

Evaluation of N-sulfonyiacndimum carDoxarmde Chemilummescence 



/-n.«" d,n ' Um comp0unds t0 be t9Sted ,or chem.luminescence were dissolved in dimethyl formamide 
( DMF ) and then diluted with 0.05 M sodium citrate (pH 5.0) of 0.05 M sodium phosphate (pH 7 0) buffer 
to give solutions of about 3 X 10 5 M. Twenty microliters of each buffered solution was diluted with 300 ul of 
0.1 N HCI and chemilummscence was triggered with 150 ul of 0.03% H^Dj in 0.2 N NaOH. 

The light generated was recorded on a photon counter luminometer over a 10 second interval exceot 
where a longer interval is indicated in Table 1. The specific activity of each compound is provided in the 
form of counts moles in Table 1. 



TABLE 2 





Compound No. 


Identifvina Mn 


Counts/Mole 


20 


49 


13513-246 


9.4 


X 10 18 




50 


J. J 31 J — 2 47 


9 x 


10 18 




^ 1 

0 X. 


13513-248 


1 X 


10" 


2% 


D U 


13513-249 


1.2 


x 10 19 




53 




1 X 


10" 


30 


54 


13514-013 


8.3 


x 10 18 


55 


13514-014 


1.25 x 10 L9 




56 


13514-018 


1.1 


x 10 19 




57 


13514-021 


1.5 


x 10 L9 


JS 


58 


13514-037 


5.2 


x 10 13 










(50 sees) 




59 


13514-038 


1.4 


x l0 19 


40 








(20 sees) 




62 


13513-211 


5 x 


10 18 




63 


13513-212 


7 x 


10 18 


4$ 


64 


13513-215 


6.1 


x 10 18 




65 


13513-216 


8 x 


10 18 




66 


13513-230 


5 x 


10 18 



Example 12 

Stability Test of Compound 62(13513-211) 

Compound 62 (2 mg) was dissolved in 1 ml of methanol. Fifty microliters of this solution were added to 
each of the following buffers: 

1) 500 microliters of 0.05 M sodium phosphate, pH 5.0 

2) 500 microliters of 0.05 M sodium phosphate. pH 5.5 

3) 500 microliters of 0.05 M sodium phosphate. pH 6.0 
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IS 



20 



25 



30 



4) 500 microliters of 0.05 M sodium phosphate, pH 6.5 

5) 500 microliters of 0.05 M sodium phosphate. pH 7.0. Each solution was analyzed on a Parkin 
Bm«r Senes 4 HPLC us.ng a reverse phase column «M8 u Sondapak. 3.9 mm , 30 cm aZL^eZZ 
waters Associates. Milford. Massachusetts). The e.ution was done with 75% methanol 5? 3 I 
pemanesuifon, acd ,n 1% apueous scene sad at a flow rate of t m.m.n. The effluent As moJtoL ^ 

After 4 weeks at room temperature, the solutions at oH 5 0 oh q *«h rt u an 
Example j_3 

Companson of Temperature and pH Stabilities of Acridinium Compounds in Buffer at pH 7.2 

^t'wuZVl K fi<3ini r COmpounds " compound 62 - 13513-21 1. a compound identified by the number 
3514-020 [4.,carboben 2 yloxymethyl)-pheny|.10.methyl-9-acridinium carboxy.ate trifluoromethLeLfonate 
llnZZ'l 6ekS - et ^ 22SL • 29. 1474-79 (1983). and cUound aTSSSS^SS 

compared for temperature and pH stab,.ity. The companson was carried out in methanol or water 7t 1 
concentratron of 1.0 mg/ml (wh.ch is approximately equivalent to 1.6 X 10 « M). Each J the samp e, 

'pes-) p^ ^68w I ; a ooio' , f on co 5 n r; ng one part * oj n hci p,us ° ne ^05^^^: 

inaf^H n h hT ' e " 20 (avai,ab ' e fr ° m S '" 9ma Chemical Com ^V- St. Louis. Missouri). The 

P.,,, in , S ° n W6re ab ° Ut ' 5 - Th9 m0,arity °' each °' lhese solutions was 1.8 X 10 ? M 
m«. E It °'t S J' 0 " 5 SCann9d ,0 r9C0rd 3 UV ' vis,b,e absorption W*«n in order to determine 
Tha uv « hi C h° ' C : emS an<3 ° rd9r ,0 d9,ect any appreciab,e * 'he absorbance sp™* 

Table 2 ' 9 3 0f SP6Ctra °' ,h6Se aCr ' din,Um C ° mp0und3 have the ^eristics present 

TABLE 3 

Compound Identifying Observed 



33 



No» No. 



Wavelength Absorbance 



62 13513-211 263nm 



1.40 

369nm 0.286 



-» 83 30253-020 263. 5nm 1.42 

370nm 0.304 

-5 13514-020 262nm 1.72 

368nm 0.334 

For all three compounds. , n a 18.000 and eg »87 000 
**t\nZ* ZlTjT** th9re iS V9fy ,itt,e dif,er9nce ™« in ^-visible absorbance or in molar 

" zszzzz ::z:z r pounds - ,n fact - w,min ,he ~ * e ~* — 

phosphVe^hO OS- ^rn^ H ,i0nS °' ^ ^ compounds "erial.y diluted 10-fold in 0.01 M sodium 

'Si Twee;;;; n serum at pH 48 - 1,197 were a,so seria,,y di,uted ,(w ° ,d « pbs ^ 

as S um\ C d a r a tthl%nu°„Tr I?' in H? 9n9ral - 3Cridinium cor W "° more stable at an acid P H. it was 
assumed that the counts obtained from the samples diluted in pH 4.8 buffer would be representative of the 

ZZZn^n "Tr*T m output All three con^ZTZS^Xi^ 

fold to a final concentrat.cn of 1 8 X .0 « M. A 10 u. aliquot of each sample was added to 90 ul ofOOS N 



90 
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HCI. Chemilummescence was triggered with 200 ul of 0.03% H 2 Oj in 0.25 N NaOH and counts were 
monitored on a lummometer for 6 seconds *ith results as presented in Table 3. Results are presented in 
Table 3 for each of three runs. 



TABLE 4 



Compound No, Identifying No , Counts/6 Seconds 

'o 

62 13513-211 92,669 

91,241 
91,995 

83 30253-020 138,791 

141,962 

20 145, 133 

13514-020 59,438 
25 ' 59,443 

59,449 

Within experimental error, chemiluminescent output on the lurninometer did not differ among the com- 
pounds, as indicated in Table 4. 

JO 



TABLE 5 



35 Chemiluminescent Output at pH 4.8 

Compound No. * Identifying No. Counts/Mole 
62 13513-211 5.7 X 10 19 



*s 



83 30253-020 8.7 X 10 19 



13514-020 3.7 X 10 



19 



When 10 ul of these same compounds were diluted to 1 8 X 10 t0 M in 90 ul PBS buffer (pH 7.2) with 
■so 0.01% Tween 20® and not acidified prior to running chemiluminescence output determinations as abov , 
the results were somewhat different, especially for the acridinium carboxylate compound 13514-020, as 
shown in Table 5. Results are presented in Table 5 for each of three rune, 
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TABLE 6 



to 



so 
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Chemiluminescent Output at pH 7.2 

Compound Mo. Identifying No. Counts/6 Seconds 

62 13513-211 88,633 

89,135 
90,394 



'5 



83 30253-C20 133,560 

137,929 

20 142, 299 

13514-020 8,135 

7,274 

25 

6,363 

The compound identified by ;he number 13514-020 produced only 4.4 x 10" countsmole in pH 7.2 
buffer, almost an order of magnitude fewer counts than it produced at pH 4.8. This may be due to 
pseudobase formation by a large proportion of the molecules at ihe more alkaline pH. the pseudobaso 
30 being substantially less chemiluminescent than the corresponding positively charged acridinium compound. 

The N-sulfonylacridinium carboxamide compounds showed only a very small drop in counts when 
incubated at pH 7.2. Th.s suggests that they do not undergo pseudr base formation to any appreciable 
degree, at least at this pH. 

The dilution series of all three of the acridinium compounds in pH 7.2 buffer were stored overnight at 
35 room .emperature and then assayed. Both N-sulfonyiacndium carboxamide compounds showed virtually no 
change in chemiluminescence. The phenyl acridiunium carboxylate showed a significant drop after 20 hours 
at room temperature. 

The samples were then placed m an incubator at 45'C. Every day for the duration of the study they 
were removed from the incubator, cooled to room temperature, and 10 ul aliquots diluted in 90 ul of PBS 
40 buffer (pH 7.2) were assayed for chemiluminescence. 

Neither of the N-sulfonylacridinium carboxamides showed any significant difference in chemilumines- 
cent output when diluted either in 0.05 N HCI or in PBS at pH 7.2. However, the acridinium carboxylate 
13514-020 exhibited a significantly different chemilummscent output when diluted in 0.05 N HCI or in PBS 
buffer at pH 72. When diluted in PBS buffer (pH 7.2). the acridinium carboxylate consistently produced at 
45 least 10-fold fewer counts than when diluted in 0.05 N HCI. 

The iO.N-bis-(3-sulfopropyl) acridinium carboxamide (compound 83. 30253-020) appears to be quite 
stable at pH 7.2 at 45'C. After 10 days under such conditions no appreciable loss of chemiluminescence 
was observed. Compound 13513-211 produced 10-fold fewer counts, and the acridinium carboxylate 13514- 
. 020 produced 10 3 fewer counts under the same conditions. 



Example K 

Preparation of Labeled igG 

Oisulfopropyl compound 83. 30253-020. was activated by treatment with phosphorous oxychloride in 
acetomtrlle at 45 *C for 12 hours under argon. The solvent and excess POCd were removed in vacuo and 
the activated compound was used directly in the labeling reaction. ~ 
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Thus, 10 mg of rabbit IgG (Sigma Chemical Company. St. Louis. Missouri) was dissolved in 0.1 M 
sodium phosphate buffer (2 ml, pH 7.0) containing 1% Tween 80®. One ml of this solution was mixed with 
about 2 mg of the bis-suifonyichionde. The solution was agitated periodically by somcation and stirring for 
one hour at room temperature. 

An aliquot (0.5 mi) of the reaction solution was chromotographed over Sephadex® G-25 (10 cm X 0.75 
cm), as available from Pharmacia. Piscataway. New Jersey, and eluted with 0.1 M phosphate buffer (pH 
6.5). 

The labeled protein eluted as a weakly green fluorescent band. The labeled protein was further purified 
by HPLC using a Bio-Sil® TSK-250 column (BioRad. Richmond, California). The resulting conjugate (30253- 
34) contained 0.8 labels- protem, as determined from the ratio of the absorbance of 370 nm (« a 10.000. 
acridinium salt) f o the absorbance 280 nm (* a 210.000. IgG). 



Example 15 

Heat Stability Studies 

The conjugate 30253-34. as synthesized in Example 14. was serially diluted 10-fold n three buffers (0.1 
M sodium phosphate. 0.0 f %. Tween 20®, pH 6.3; 0.0 1 M sodium phosphate, 0.15 M NaCl, 0.01% Tween 
20®. pH 6.8; and 0.01 M sodium phosphate. 0.15 M NaCI. 0.01% Tween 20®, pH 7.2) to a concentration of 
2 X 10' M IgG and 16 X 10 1 M acridinium. A dilution series was prepared and initial counts were 
recorded by taking 10 ul of the sample, diluting with 90 ul of PBS buffer at pH 6.3. pH 6.8. or pH 7,2, and 
then triggering chemiluminescence with 200 ul of 0.03% H2O2 <n 0.25 N NaOH. A 100 Ml sample of PBS 
buffer was used as a control for each series. 

Counts shown in Table 6 are averages of results for duplicate samples assayed on the day on which 
the dilution series was prepared. The concentration shown in Table 5 is the concentration of the sample 
prior to dilution. The amount of parentheses for each entry in Table 5 is the amount of conjugate present in 
the sample. 
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TABLE 7 

Concentration (Amount). Counts/6 Second. 

pH 6.3 

buffer (0 moles) 253 

,o 2 X 10" 10 M (2 X 10" 14 moles) 216,054 

1 X 10" 10 M (1 X 10" 14 moles) 100,'s42 

5 X 10" 11 M (5 X 10' 15 moles) 48,704 
2.5 X 10 -11 M (2.5 X 10" 15 moles) 23,771 
1.25 X 10" 11 M (1.25 X 10" 15 moles) 11,475 

6 X 10' 12 M (6 X 10" 16 moles) 5 ' 866 



'5 



20 



35 



40 



45 



OH 6.8 



76,820 
38,801 



30 n.^a a^iu moles) 18,408 

9/398 



buffer (0 moles) 233 

2 X 10" 10 M (2 X 10" 14 moles) 295,608 

25 1 X 10~ 10 M (IX 10" 14 moles) 149,725 

5 X 10" 11 M (5 X 10" 15 moles) 
2.5 X 10" 11 M (2.5 X 10~ 15 moles) 
1.25 X 10" 11 M (1.25 X 10" 15 moles 

6 X 10~ 12 M (6 X 10' 16 moles) 

pH 7.2 

buffer (0 moles) 72 g 

2 X 10" 10 M (2 X 10" 14 moles) 309,445 

1 X lO" 10 M (1 X 10" 14 moles) 156,311 

5 X 10* 11 M (5 X 10" 15 moles) 77,238 
2.5 X 10' 11 M (2.5 X 10" 15 moles) 39,879 
1.25 X 10~ n M (1.25 X 10" 15 moles) 19^925 

6 X 10~ 12 M (6 X 10" 16 moles) lo's26 



Each dilution series was placed in a warm air incubator at 45'C after an initial reading was taken. A 
duplicate reading was made on each sample daily and then the readings were averaged 

When the conjugate was stored at pH 6 8 and at 4S«C. there was no loss in chemiluminescent activity 
ol the label over a 15 day period of observation, at any dilution. Essentially the same results were observed 
jo when the conjugate was stored in PBS buffer at pH 7.2. 



Example 16 
j S Comparison cf CLIA vs. RIA 
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A. Preparation of Acrdinnim-Labeled Anti-HsAq Connate. 

Comoouno 75 (13514-081. Example 6) d2.5 umol) was dissolved in 200 ul of OMF, was treated with 
NHS (dissolved »n 50 ul of OMF) and dicydohexyicarbodiimtde (dissolved m 50 ul of OMF) ("OCC"); and 
5 stirred for 12 hours at room temperature. The solution of the activated ester was mixed with mouse 
monoclonal anti-HBsAg m 0.1 M sodium phosphate buffer fpH 6.3) in a molar ratio of 100:1 at 4 # C for 12 
hours. 

The coniugate was then dialysed against PBS buffer. pH 6.3. until the absorbance of the dialysate 
indicated no free label. A UV spectral analysis indicated between 2 to 6 labels/antibody (as determined from 
ro a ratio of absorbances as in Example 14). 



is 



20 



25 



B_ Assay for H3$Ag. 
Either type A „ 



or type A y HBsAg (200 ul) was diluted in calf serum and was reacted with an 



Aus2ymeTM (Abbott Laboratories. Abbott Park, Illinois) monoclonal antibody bead and 2 X 10 3 of counts of 
'-(-labeled mouse monoclonal anti-HBsAg antibody (40 ul. in the RIA) or an acridinium-labeled mouse 
monoclonal anti-HBsAg antibody (40 ul. in the CLIA) in PBS containing 50% calf serum, 10% human 
serum, 0.05% Tween 20$ and 5 mM EDTA (pH 6.3). for three hours at 40°C. The beads were then washed 
6 times in water and counted for their activities. Calf serum was used as a negative control. 

In the CLIA. a polystyrene bead with conjugate bound adsorbed thereto was mixed with 250 ul 
phosphate, 0.5 mM, pH 5.3. in a glass vial suitable for use in a luminometer. While the sample was in th 
measuring position, 0.2 nl of 0.03% H;0: in 0.25 N NaOH was then injected into the glass vial. The light 
emmitted was measured in the luminometer. Reading began 0.012 seconds before initiation of the chemical 
reaction and continued for 6 seconds. 

The results are presented in Table 7. 



TABLE 8 
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OS 



40 



Concentration 
(nq/ml) 



CLIA 



RIA 



Ay 



1.0 


2214 


3144 


371 


400 


0.5 


1256 


2494 


236 


408 


0.25 


701 


921 


221 


248 


0.125 


521 


592 


173 


179 


Calf Serum 


151 


179 






Cut-off 


327 


376 







4S 



50 



Under the stated conditions, the sensitivity for the CLIA was less than 0.125 ng/ml for both the A^and Ay 
types of HBsAg. For the RIA the sensitivity was 1.0 ng.ml for both the A* and Ay types. The cut-off count 
was 2.1 times that of the negative control. 

Table 8 clearly shows that chemiluminescent immunoassays according to the present Invention ar 
more sensitive than comparable radioimmunoassays. 



55 



Example V7 

A comparison of CLIA and EIA 
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W 4. I <J 113 



A. Preparation of labeled anti-hTSH .30234-207) . 

Comoound 75 M351 4-081. Example 5) {2 mg, 4.3 amoles) m 200 ml of acetomtnle was treated with 1- 
9thyi-3-i3-dimethyiaminooropyiKart5odiimide hydrochloride (Sigma. St, Louis. Missouri) (10 amoles) in 100 
5 a) of acetomtnle and N-hydroxysuccmimide (4-0 umoles) m 100 ul of aceton.trile for 12 hours at 25«C in 

the dark. 

The act.ve ester was mixed with anti-hTSH in PBS buffer containing 0.5% 3-(<3-cholamidopropyl) 
dimethyiammomoH-propane-sulfonate (-CHAPS") at pH 6.5 in a ratio of 50:1 (antibody:active ester) After 
coupling for 3 hours at 25*C, the labeled antibody was dialysed against PBS buffer containing 0.5% 
to CHAPS at pH 5.5 until no free label was present in the dialysate by U.V. 

Based on the U.V. spectra, the coniugate had an average of 10 labels per antibody. 



B. Assay for hTSH . 

is 

CLIA and EIA were compared using the Abbott hTSH-EIA Kit (Abbott Laboratories. Abbott Park. Illinois) 
with the exceotion that for the CLIA. the anti-hTSH acndimmum conjugate was used in place of the kit anti- 
hTSH-HRPO conjugate. Thus, a standard curve *as generated by incubating the kit standards with the kit 
beads at 37°C for i hour, then washing three times. For the CLIA. the conjugate prepared above was 
20 diluted 1:5000 with PBS buffer containing 50% calf serum. 1% normal mouse serum. 0.05% TweenO 20 
and 2 mlvt EDTA at pH 6.3. One hundred microliters of this solution was incubated with the beads for 1 
hourw at 37 9 C, then washed four times. 

The beads were transferred one by one to the reaction vial of a lummometer containing 400 ul of water 
and reacted with 200 ul of 0.03% H : 0: in 0.2 N NaOH. Photon counts were recorded for 6 seconds. 
2S The EIA was carried out according to the instructions m the kit insert on a Quantum 110 spectra 
photometer (Abbott Laboratories. Abbott Park. Illinois) 
The results are shown tn Table 9. 
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TABLE 9 



75 



40 



45 



Concentration 


CLIA 


EIA 


(ulu/ml) 


(counts) 


i A .492l 


0 


S33(SD35. 4) 


. 0.012 


1 


5064 


0.062 


4 


14476 


0.176 


10 


32092 


0.397 


25 


66072 


0.328 


60 


110,984 


1.602 



Under these conditions the sensitivity of the CLIA was 0.016 ulU/ml (0 standard ♦ 2 SO) while the EIA had 
a sensitivity of 0.05 ulU/ml. 

50 „ 

Example 18 

Preparation of 5-methy|.6-[N-tosyl-N.(2-carboxyethyi)].phenanthridiniumcarboxamide 

35 . Ph «>nanthridine-6-carboxylic acid (400 mg. 1.8 mmoies) [prepared by the metod of Wittig et al.. Justus 
liebi£s Ann., 577, i (1952)]. was suspended in methylene chlorid (20 ml, distilled from P:Oj) and cooled 
to 0«C under mtrogen. Oxalyl chloride (320 ul, 3.6 mmoies) (Aldrich Chemical Co.. Milwaukee. Wisconsin) 
was added, followed by OMF (5 ul). As the reaction mixture was stirred for one hour at 0»C and for 30 
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U 2ft 1 15 



minutes at 25 *C. ail the cartoxyiic acid dissolved. The solution was evaporated to dryness to give the acid 
chlortce which was used without further ounficaticn. 

Methyl N-tosyi-J-aianme was prepared from methyi^-alanine (Aldrich Chemical Company, Milwaukee 
Wisconsin) and tosyl chloride 'Aldrich Chem.cal Company. Milwaukee, Wisconsin) according to the 
procedure of Example i. Potassium t-butoxide i600 mg. 5.4 mmoies. freshly sublimed) was added to a 
solution of 1 3g (5.4 mmoies) of methyl N-tosyi- j-alanme m 50 ml of THF. After stirring for 15 minutes and 
at room temperature and under N : , the suspension was evaporated to dryness. The potassium salt of 
methyl N-tosyi- J-aianme. was resuspended m 20 ml of THF, mixed with the acid chloride (in 20 ml of THF) 
and stirred for !2 hours. 

The resulting suspension was poured into 100 ml of ethylacetate. washed with 50 ml of water and 
washed twice with 25 ml of bnne. After drying over MgSCU and evaporating to dryness, the residue was 
chromatographed on a ChromatatronTw chromatograph (available from Harrison Research. Palo Alto. 
California) using a 4 mm silica rotor and employing a 25/75 ethylacetate/hexane gradient. The product 
(R,G\2) was collected, then recrystallized from benzene<hexane (i.e.. the product was dissolved in benzene, 
and hexane was added until cloudy) to give 1 30 mg of methyl 8-{N-tosyl-N-(2-carboxyethyl)].phenanth^ 
ndinecarboxamide. Compound 84, 13514-225. 

Compound 84, 13514-225. was methylated according to the procedure in Example 3 to give methyl 5- 
methyl-6-(N.tosyl-N-(2-carboxyethyi)]-phenanthridin.umcarboxamide. compound 85. 13514-227. Compound 
85 was nydrolyzed according to the procedure n Example 8 to provide 5-methyl-6-[N.tosyl-N-(2-carbox- 
yethyl)]-phenanthndiniumcarboxamtde. compound 86. 13514-228. 

Compouns 84, 85 and 36 are described us»n( ( the numerals, symbols and abbreviations as explained in 
Example 1. 

84. 13514-225 Methyl 6-[N-tosyl- 

N-( 2-carboxyethyl) ]- 

phenanthr idinecar boxy late 
MS M + H '3 463 

35. 13514-227 Methyl 5-methyl- 

6-[N-tosyl-N- 

( 2-carboxyethyl) J- 

phenanthr idiniumcarboxamide 
MS M + @ 477 

Mp 136°C 

86 . 13514-228. 5-Methyl-6-[ N-tosyl- 

M-( 2-carboxyethyl) J- 

phenanthr idiniumcarboxamide 
MS M* @ 463 

Although the present invention has been described in terms of preferred embodiments, it is understood 
that modifications and improvements will occur to those skilled in the art. 

For example, in light of the results presented herein, it is expected that additional compounds which are 
useful according to the present invention may be identified by the formula 
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Q 273 115 



to 




-Ft'-X 1 



R-X" 



20 



wherein a, b. c, d. a\ b\ c\ d' independently may be hydrogen, alkyl. aryl. amino, substituted amino, 
carboxy-aikyl, suifoaikyl. alkoxyl. aryloxy, sulfo. thto alkoxyl. thioaryloxy aminoalkyl. protected aminoalkyl! 
hydroxyalkyl. protected hydroxyaikyl, haloalkyt. or any adjacent of these positions may be linked so as to 
'orm aromatic rings fused to the acridino nucleus. 

in addition, Sheehan el aL U S. P3tent No. 3.539.574 described chemiluminescent acridinium com- 
pounds which are also expected to be useful according to the present invention. Other isomeric acridinecar- 
boxylic acids, quinoline carboxylic acids, isoqumoline carboxylic acid, other activated acrdine amides, and 
other activated acridine esters are expected to be userul according to the present invention. Such 
compounds include, without limitation: hydroxamates identified by the formula 



25 



30 



35 




O N— 0 -R'-X* 



enamides identified by the formula 



40 



45 




50 



arylamides identified by the formula 



55 



36 



R"-X 



oToTq 



TO 



X'-R 

wherein X and Y' are electron withdrawing groups; N-heterocydes identified by the formula 




is 



20 



25 




20 wherein X and IT may independently be 0. S, P. N. or C; activated esters such as thioiesters identified by 
the formula 



35 



40 




s — R <- x 



or such as thioesters identified by the formula 



45 



50 




55 



acrldine acids identified by the formula 



37 




20 

quinoline acids identified by the formula 



25 

00 

or by the formula 

35 




X'— R" 

or isoquinoline acids identified by the formula 



o 



50 




55 

or by the formula 
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it is understood that those skilled m the art will be enabled by the above specification to incorporate 
'0 reactive functional grouos for attaching the label to an analyte into compounds according to the present 

invention.- 

It is also contemplated that compounds according to the present invention will be: used in labeling DNA 
probes; incorporated into an enzyme substrate - wherein the product of the enzymatic reaction is th 
chemiluminescent compound; and incorporated into systems which involve energy transfer or fluorescent 
r5 quenching. 

Compounds according to the present invention may also be: incorporated into a system which employs 
the comoound as a labeling reagent in a post-column HPLC detection system; used to measure H*Ot 
concentration; and used as a source of intense pulsed light. 

Therefore, it is intended that the present invention include all such variations and improvements as 
20 come within the scooe of the invention as claimed. 
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Claims 

25 l a chemiluminescent compound identified by the formula 

r"-*' 

O^SjJ-SOi-R'-X 1 

R-X 3 

40 and isomers thereof wherein R, R\ R". X\ X?. and X- are substituents which do not interfere with effective 
chemilummescence with the proviso that R-Xl R'-X : and R"-X* may independently be hydrogen. 

2. The chemiluminescent comoound as recited in claim t : 
wherein R, R\ and R" are spacer arms: 

wherein X\ X* and X 3 are independently members of the group consisting of hydrogen, carboxy. 
43 carboalkoxyl, carboxamido. carboaryioxy. cyano. carboximido. isocyanato. isothiocyanato. sulfo, sulfonyl 
halide, carbonyl halide, N-succinimidyicarboxy and N-maleimide groups; and 
wherein Y is an appropriate counter ion. 

3. The chemiluminescent compound as recited in claim 2 wherein Y is a counter ion selected from the 
group consisting of sulfate, alkylsulfate. halosulfate, haloborate, haloacetate, halophosphate. phosphate and 

5a halide. 

4. The chemiluminescent compound as recited in claim 1 wherein R. R'. and R* independently comprise 
a member selected from the group consisting of alkyl, alkylene. aryl. substituted alkyl. substituted alkylene 
and substituted aryl groups such that: 

one or mor hydrogens of said member is replaced by an alkyl, cryl, alkylene. substituted alkyl substituted 
55 alkylene. substituted, aryl, alkoxy, aryloxy, halo, amino protected amino, substituted amino hydroxy, 
protected hydroxy, oxo. thio. imino. mercapto or substituted mercapto group; 
or such that one or more carbon atoms of the member is replaced by a heteroatom. 
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35 



*0 
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5. The chem.lum.nescent comoound as recited in claim 4 wherein said heteroatom is selected from ma 
group consisting of nitrogen, phosphorus, sulfur and oxygen. 

6. The chemiiummescent compound as recited in claim 2 wherein R, R\ and R' indeoendentlv »r» 
spacer arms of the formula «wn OT niiy are 

•(CH:)„ . 

where n = 0 • 50. 

1. The chemilummescent compound as recited in claim 1 wherein fl- is -CH*. X' is -H and p-.w i« 
identified by the formula ' ' 



to 



, 5 8. The chem.lum.nescent compound as reeled in claim 7 wherein said compound is identified bv the 
formula lO-methy|.N-(2-carboxyethyl].N-tosyl-9-acndinium carboxamide. 

9. The chem.luminescent compound as recited m claim 7 wherein said compound is identified bv the 
formula iO-methyl-N.(4-carboxybutyi)-N-tosyl-9-acridinium carboxamide. 



10. The chem.ium.nescent compound as recited in claim 7 wherein said compound is identified by the 
formula iO-methyl-N-(5-carboxypentyl)-N-tosyl-9-acnc!inium carboxamide. 

1 1 TU* — . i . 



The chem.luminescent compound as recited in claim t wherein formula R' is -<CHih- X' is -srw 



1 1 

and R'-X : is identified by the formula 



12. The chem.luminescent compound as recited in claim 1 1 wherein said compound is identified by the 
formula lO-(3-sulfopropyl)-N.(2-carboxyethyl)-N.tosyl-9-acridinium carboxamide 

13. The chemilummescent compound as rec.ted in claim 1 1 wherein said compound is identified by the 
formula iO-(3-sulfooropyi)-N.(3-sulfopropyi).N-tcsyl-9-acridinium carboxamide. 

14. The chemiluminescent compound as recited in claim 7 wherein R'-X* is identified by the formula. 



Br 



and wherein R-X' is identified by the formula 




15. The chem.lum.nescent compound as recited in claim 7 wherein said compound is selected from 10- 
so rnethyl-N-phenyLN-tosyl-g-acridinium carboxamide tnfluoromethanesuifonate. lO-methyl-N-phenyl-N-fp- 
bromobenzenesulfonyl).9.acridinium carboxamide tnfluoromethanesuifonate. lO-methy|.N.phenyl-N-(p- 
n.trobert 2 enesul»onyl).9-acridinium carboxamide tnfluoromethanesuifonate. 10-methyl-N-phenyl-N-(o- 
n.trobenzenesulfonyi).9.acridlnium carboxamide trifluorom thanesulfonate. or lO-methyl-N-phenyl-N- 
tnfluoror.iethanesulfonyl-9-acridinium carboxamide tnfluoromethanesuifonate. 
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15. The chemiiuminescent compound as recited m claim 7 wherein said compound is identified by the 
formula iO-methyi-N-isopropyl-N-tosyl-9-acridimum carboxamide trifluoromethanesulfonate. 10-methyl-N- 
isoprooy i-N-(p-bromobenjenesulfony i)-9-acrtdimum carboxamide trifluoromethanesulfonate, 1 O-methyl-N- 
isopropyi-N-('o-nitroben2enesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate. or 10-methyl-N- 

5 isopropyi-N-nfluoromethanesulfonyl-9-acrtdinium carboxamide trifluoromethanesulfonate. 

1 7. The chemiiuminescent compound as recited in claim 7 wherein said compound is identified by the 
formula iO-methyl-N-butyl-N-(2.4,6 tnmethyibenzenesuifonyi)-9-acridinium carboxamide trifluoromethanesul- 
fonate. iO-methyl-N-butyl-N-(2 ( 4.6-tri-isopropyl-ben2enesulfonyl)-9-acridinium carboxamide 
trifluoromethanesulfonate, 1 0-methy l-N-pheny l-N-tosy l-9-acridinium carboxamide trifluoromethanesulfonate. 

to iO-methyl-N-butyl-N-(p-bromoben2enesulfonyl*9-acridinium carboxamide trifluoromethanesulfonate, 10- 
methyl*N-butyl-N-(o-nitrophenylsulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, 10-methyl-N- 
butyi-N-(p*mtrobenzenesulfony i)-9-acridinium carboxamide trifluoromethanesulfonate. 1 O-methyl-N-butyl-N- 
(2.4-dinitrobenzenesulfonyl)-9-acridinium carboxamide trifluoromethanesulfonate, or 10-methyl-N-allyl-N* 
tosyl-9-acridinium carboxamide trifluoromethanesulfonate. 

is 18. The chemiiuminescent compound as recited in claim 1 wherein said compound is identified by the 
formula methyl 6-{N*tosyl-N-(2-carboxyethyl)]-phenanthridinecarboxamide. methyl 5-methyl*6-[N-tosyl*N*(2- 
carboxyethyDI-phenanthridiniumcarboxamide, or 5*methyl-6*[N-tosyl-N-(2-carboxyethyl)]-phenanth- 
ridiniumcarboxamide. 

19. A method for preparation of a chemiiuminescent compound comprising the steps of: 
20 contacting an amine identified by the formula 
fl-X=NH 2 

with a sulfonylhalide identified by the formula 
W-SorR*-X2 

in an inert solvent in the presence of base to form a sulfonamide anion and metal ion identified by the 
25 formulas 

M 

X 3 -R-N~-S0 2 -R'-X 2 ; and 

70 

a) acyiating with an activated O-acridinecarDoxylic acid ■denli?''?^ jy the formula 



p"-X' 



0^2 

wherein R. R' and R* are independently selected from the group consisting of: alkyl, aryl. alkylene, 
<5 substituted alkyl, substituted alkylene and substituted aryl. alkoxy. aryloxy, halo, amino, protected, amino, 

substituted amino hydroxy, protected hydroxy, oxo. thio. imino. mercapto groups; and alkyl, aryl, alkylene 

substituted alkyl, substituted alkylene and substituted aryl groups comprising a heteroatom selected from 

the group consisting of nitrogen, phosphorus, sulfur and oxygen with the proviso that R-X 3 , ROC 2 , and R'-X 1 

may independently be hydrogen; 
50 wherein x\ X 2 . and X 1 are independently members of the group consisting of hydrogen, carboxy, 

carboalkoxyl. carboxamido, carboaryloxy, cyano, carboximido, isocyanato. isothiocyanato, sulfo, sulfonyl 

halide. carbonyl haiide, N-carboxysuccinimide and N-maleimide groups; 

wherein Y ts an appropriate counter ion; 

wherein W is sei cted from th group consisting of chloro and fluoro groups; and 
55 wherein M is selected from the group consisting of Li. Na and K; and 

wherein 2 is selected from the group consisting of halo, imidazole. N-hydroxysuccinimidyl and azido 
groups: or 

b) acyiating with an activated phenanthridine-6-carboxylic acid identified by the formula 



41 



0 273 115 



5 



JO 




wherein R, R' and R* are independently selected from the group consisting of: alkyl, aryl, alkylene. 
substituted alkyl, substituted alkylene and substituted aryl. alkoxy. aryloxy. halo, amino, protected amino, 
substituted ammo hydroxy, protected hydroxy, oxo. thio. imino. mercapto groups; and alkyl, aryl, alkylene 
substituted alkyl. substituted alkylene and substituted aryl groups comprising a heteroatom selected from 
the group consisting of nitrogen, phosphorus, sulfur and oxygen with the proviso that ROO, R'-X and R*X T 
may independently be hydrogen; 

wherein X\ X 2 and X* are independently member?; of the group consisting of hydrogen, carboxy, 
carboalkoxyl. carboxamido, carboaryloxy, cyano, carboximido. isocyanato. isothiocyanato. sulfo, sulfonyl 
halide. carbonyl halide. N-carboxysuccinimide and N-maleimide groups; 
wherein Y is an appropriate counter ion: 

wherein W is selected from the group consisting of chloro and fluoro groups: and 
wherein M is selected from the group consisting of Li. Na and K, and 

wherein Z is selected from the group consisting of halo, imidazole N-hydroxysuccinimidyl and azido 
groups. 

20. A conjugate formed by an antibody or antigen conjugated to a chemiluminescent compound as 
recited in claim 1. 

21. A method for performing a chemiluminescent immunoassay to test for the presence of an antigen or 
antibody to an antigen as recited in claim 20 comprising the step of exposing a sample to a conjugate as 
recited in claim 20. 
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